Employment in electricity generation from renewable resources has expanded rapidly in the US and in Texas during the last decade. Availability of the Production Tax Credit has been an important driver of this growth. Using a fully-disclosed establishment-level employment and payroll data set for Texas at the NAICS-6 level, we analyze the differences in average wages between firms generating electricity from fossil fuels and those generating electricity from wind power. We compare relative average wages before and after the rapid expansion of wind power development that followed the ex ante renewal of the Production Tax Credit (PTC) in 2006. Using QCEW data, our main finding using both least squares and the nonparametric estimation technique proposed by Racine and Li (2004) , is that average payrolls for wind power generators increased relative to fossil fuel-based electricity generators after 2006. As far as we know, this is the first paper that attempts to estimate the indirect impact of the PTC on wind energy industry wages. JEL: J31, Q20, Q28. 
Introduction
The Production Tax Credit was introduced in the United States to enhance incentives for the development of wind powered electricity generation. The PTC, as it is known, is widely viewed as having achieved this objective. Periods of rapid expansion in wind power capacity have followed legislative renewal of the subsidy. By reducing tax liabilities of wind generators that qualify for the subsidy, the PTC has the effect of increasing after-tax rates of return to qualifying capital in the sector. Using a Difference-in-Differences methodology, we seek evidence that the subsidy may have indirectly benefited labor as well as capital.
Economic theory suggests that reductions in corporation tax rates can have an indirect incidence on labor. By increasing after-tax rates of return to capital, more capital, and thus investment, is attracted. With increases in the capital stock, the marginal product of labor increases and the (pre-tax) wage rental ratio rises. However, for this outcome to be observed in the case of a single tax-favored sector, either the favored sector has to be large relative to the economy or the supply of specific labor must be less than perfectly elastic over the term of the analysis.
The objective of this paper is to estimate the effect of the rapid expansion in wind power capacity in Texas on wage differentials between fossil fuel electricity generators and windpowered electricity generators in Texas. 1 To the extent relative wages were affected by the rapid growth in wind power that occurred as a consequence of the PTC, we deem the wage effect to reflect an indirect incidence of the production subsidy. Thus, we are specifically interested in asking whether there may have been an increase in relative wages in wind generation that accompanied the sharp expansion in installed wind generation capacity following the ex ante 1 Installed capacity in Texas has increased from 181MW in 2000 to 6,967MW in 2008. extension of the Production Tax Credit (PTC) in 2006. 2 This study is restricted to an analysis of wages in the power generation sector, as narrowly defined, and thus excludes activities in fuel extraction, processing and transport.
We find evidence that average wage rates have increased more rapidly for workers in the wind power generation industry than for workers in fossil fuel generation in Texas in the post-2006 period. Since employment in the wind power industry tends to be located in more rural areas than employment in fossil fuel generation, and rural wages generally tend to be lower, we focus on wages in power generators relative to the county-average wage in all other non-farm industries. We refer to these ratios as relative wages. We find that average relative wages across the wind power sector have progressed relative to fossil fuel generation as wind production capacity has expanded in Texas. In fact, the relative wages of workers in wind energy establishments across the middle of the average wage distribution, which lagged those in fossil fuel generation prior to 2006, have caught up to relative wages for fossil fuel-based generators in the period following 2006.
As far as we know, this is the first paper to attempt to estimate the indirect impact of the PTC on wind energy industry wages. This issue is important for reasons beyond the perspective of the relative wage differentials between thermal and renewable energy power industries. The transition from thermal to wind power generation also has implications for the location of employment, regional economic activity, and the geographic distribution of income. It has relevance to discussions of policies designed to foster the expansion of renewable energy production in which questions of regional development and income inevitably enter the policy discussions.
In the next section we discuss the economic context and in Section III we describe our data and data sources. Section IV discusses the empirical results and Section V provides a summary of the study.
The Economic Context
Texas has enjoyed the largest growth in wind power capacity in the Council of Texas (ERCOT), the Texas grid operator, reported that 7.8 percent of the power on the grid in 2010 was generated by wind. 3 This growth in wind power has taken place largely at the expense of gas-powered generation since gas most readily substitutes for intermittent wind.
In fact, 2010 was the first year since 1990 that the share of coal in electricity generation in Texas exceeded that of natural gas.
The explosive growth in wind power in Texas appears to have resulted primarily from the presence of the high quality wind resource, technological advances in wind turbine technology that have led to lower production costs, and the assured, ex ante availability of the Production Tax Credit that was enacted in 2006 (see Gulen, et al., page 7) . Wiser et al. (2007) , among others, conclude that the main driver of this recent growth of wind power in the United States has been the federal production tax credit (PTC). Figure 1 provide a history of PTC and related development activity.
Texas does have a Renewable Portfolio Standard (RPS
The shift toward wind and solar has clear implications for the nature and location of employment in the electricity power generation industry. Thermal generation is preferably located close to the load, so most O&M employment in thermal generation is often proximate to more populous areas. Wind power, on the other hand, is tied to the location of the energy resource and thus tends to be located in largely rural and often remote areas. Since wage rates are lower in more rural areas of Texas than in metropolitan areas, a systematic study of wage differentials must take into account the location as well as the type of power generation under consideration. Simple contemporaneous comparisons of nominal wages across industries fail to capture regional differences that influence both real and nominal wages. Summers (1981) makes an argument, in a general equilibrium setting, that elimination of corporation income taxes in favor of consumption taxation will lead to increased capital accumulation and an increase in real income as labor productivity is enhanced. Arulampalam et al (2010) find evidence that corporate income taxes are partially shifted onto labor. Although neither study is exactly analogous to the question of an industry subsidy, one would still expect that an industry specific subsidy would attract capital and lead to a higher marginal product of labor, ceteris paribus. If the supply of labor is less than perfectly elastic, this increased investment should be reflected in rising wage rates.
Texas on-shore wind resources are mostly located in sparsely populated and economically declining regions of West Texas, although some significant development has occurred on-shore in the coastal areas near Corpus Christi. The labor force in these rural locations is small and skills are sparse. As a consequence, matching between skills and new industry development is not as probable as it would be in more metropolitan areas in which thermal generation is the predominant form of electricity employment. In part, this underlies some of the difficulty these rural areas have in attracting industrial employment. Since wind power has arrived in order to exploit the wind resource rather than the available labor force, wind power producers either have to import labor or train locally available workers. Either way, frictionless adjustments in employment are not available, and labor supply has been relatively inelastic over the time frame of this study.
Although the Texas Legislature does not explicitly refer to the economic development impact of installing wind capacity in West Texas in the bills that enacted and expanded the state's Renewable Portfolio Standard (RPS), it has nevertheless been widely recognized as a significant benefit mostly as a consequence of growth in the school and property tax base.
Employment considerations are also important in rural counties that have been losing jobs and population for decades. Relatively good paying jobs with full benefits are of course particularly welcome in these rural areas.
Data
To accomplish our objective of comparing wage differentials between the two forms of electricity generation and identifying any wage effects from the rapid growth in installed wind capacity that followed the 2006 extension of the production tax credit, we use fully disclosed establishment level data for Texas from the Quarterly Census of Employment and Wages (QCEW) from the Texas Workforce Commission. Establishments are identified at the six-digit level of the North American Industrial Classification System (NAICS). We separate employment and wages in wind power from fossil fuel (221112) and renewable energy (221119) electricity generation. The data provide us with establishment names and geographic locations.
Thus, we can identify establishments that are producing wind energy even though they are categorized more broadly as a renewable energy industry. Since our focus is on wind-powered generation only, we exclude the other forms of renewable energy powered electricity generation.
In reality, utility scale electricity generation using solar and geothermal energy is almost nonexistent in Texas. Wind is by far the dominant form of renewable energy generation. Nor has there has been any change in hydro-electric generating infrastructure over the period of this analysis, so it can safely be ignored.
This data set provides establishment specific monthly employment and quarterly total wages as required under the Texas unemployment insurance (UI) program. Monthly employment data under the QCEW program represent the number of covered workers who worked during, or received pay for, the pay period including the 12th of the month. While there are some excluded groups, such as the self-employed, most of the full-time, non-farm employment in Texas is captured by the QCEW. Payroll is the total compensation paid during the calendar quarter, regardless of when services were performed and includes such items as vacation pay and bonuses. An important limitation to the QCEW data is that only aggregate payroll information is provided. Since this variable is the product of total hours worked and wage rates, no specific information on hours worked or wage rates can be directly identified.
However, it is worth noting that QCEW data have been used for estimating wage differences in previous studies (see Addison et al., [2009] ; De Silva et al., [2010] ; Dube et al., [2007 Dube et al., [ & 2010 ).
In addition, each record includes the specific geographic location (address) of the establishment and business start-up date (the date on which UI liability begins). Note that these establishments could be owned by a single firm that produces energy using both renewable and wind resources. However, if the generation takes place in different establishments, as would be expected, we can identify them separately since they are reported in separate records. This On average, compared to fossil fuel employees, unconditional quarterly real wages for wind employees were about $2,000 less than their fossil fuel counterparts before 2006, but about $300 more after 2006. However, as pointed out by Pollin (2009) , geographic location plays an important role when comparing wage differences in renewable and non-renewable industries. To control for this possibility, we examine the differences between renewable and non-renewable generation using the relative wage in each activity. The relative wage is calculated as the ratio of quarterly average wages for the given power producing establishments to the located county's non-power producing, non-farm industries. This captures location specific factors that influence wage levels and which are essential to making valid comparisons between urban and rural locations. A relative wage greater than one indicates that the average wages in the power industry are greater than average wages in all other non-farm industries in that county. More importantly, it provides a relative measure based on prevailing county wages. Using this ratio, renewable energy industry wages are not penalized for the fact that they often reflect locations where prevailing nominal wages across the industrial landscape are relatively low compared to metropolitan regions. More importantly, the relative average wage in the wind power sector increased by about 10.8%
after 2006 compared to an increase of about 4.2% in fossil fuel generation, suggesting a gain of about 6.5%.
While real average quarterly wages in wind power increased by some 13.5% against real average quarterly wages in fossil fuel generation, the increase in relative wages for wind was clearly more modest. This difference may be a reflection of a broader effect of wind power on average county wages in the rural areas in which significant wind development has taken place.
It could also reflect rising wages in oil and gas production in areas where wind and petroleum resources coincide. Anecdotal evidence in West Texas points to a substantial localized increase in overall economic activity associated with spillovers from the expansion of wind power. If so, this suggests an even broader incidence of the PTC in the rural counties that witnessed significant wind development as average non-farm payrolls outstripped their counterparts in the more metropolitan regions. Note, this means that our estimates for the change in wind wages relative to wages in fossil fuel generation can only represent a lower bound for the actual change.
Since, if investment and employment in wind power has raised average payrolls across all local industries, using the relative wage for wind power workers, expressed as relative to average county wages for all non-wind power employers, would understate their absolute change in comparison to thermal generation wages.
With respect to employment, fossil fuel generators tend to employ about 35 more workers per establishment than wind power generators after 2006. When considering the relative importance of the employer in total county employment in power generation, we compute the employment ratio of the establishment. The employment ratio is calculated as the ratio of quarterly average employment for a power producing establishment relative to located county's total power producing industry employment for a given quarter. Note that the maximum value for this variable is one and, in this case, that establishment has monopsony power within that industry in terms of demand for workers with the appropriate skill sets.
Empirical Analysis

Difference-in-Differences (DID) empirical model
All wage comparisons in Table 2 are unconditional and, thus, should be viewed in that light. They serve the function of underscoring the importance of conditional analyses. Since we are interested in examining the indirect effect of the PTC on wages of "wind energy" producers relative to "brown energy" producers across the distribution, we specify the following simple Difference-in-Differences (DID) empirical model log log
where is the wages of energy establishment i in county c at time t and is the average wage for power producing establishments' located county's non-power producing, non-farm industries. W i is the dummy that identifies wind energy producers. are the error terms. The terms  c and  t are county and quarter fixed effects.
Next if we to assume that the general trend in wage growth is not the same for both wind and fossil fuel base energy producers, then we can rewrite Equation (1) in the following form:
which is the form we estimate.
Our main interest is in the coefficients  1 and  3 .  1 measures the average difference in relative wind wages compared to fossil fuel wages in Texas prior to the policy change while  3 captures the log change in the wind-fossil fuel wage gap in Texas from before to after the availability of the PTC.
When considering establishment controls, we include each establishment's employment ratio. As a market condition indicator, we include the fossil fuel cost index. The data for the fossil fuel cost index is acquired from U.S. Energy Information Administration (see http://www.eia.doe.gov).
We also estimate a slight variation of Equation (1) as expressed in the following form.
where,
is the relative wage of energy establishment i in county c at time t and term  c controls for county effects.
We estimate Equations 2 and 3 with county and quarter effects that controls for unobservable heterogeneities across counties and quarters. Results are reported in Table 3 . First four columns of Table 3 
Nonparametric Results using Racine and Li Method
We are also interested in observing if there has been a distributional shift in wages after
2006. In this case a mean regression is insufficient to make predictions regarding wage distributions. We therefore draw conditional log wage density graphs for wind and fossil fuel power generators. We estimate the conditional log wages for wind and fossil fuel-based energy generators before and after 2006 using the non-parametric regression technique proposed by Racine and Li (2004.) There are many advantages to using the Racine and Li (2004) estimation technique compared to others. Mainly, their method handles mixed discrete and continuous data in a satisfactory manner unlike other conventional nonparametric techniques. It is widely noted that a frequency estimator can be used to obtain consistent nonparametric estimates of a joint probability density function (PDF) in the presence of discrete variables. However, this frequency-based approach divides the sample into many cells. In some cases, the number of observations in each 'bin' may be insufficient to ensure the accurate nonparametric estimation of the PDF of the remaining continuous variables. 7 In these situations, the conventional frequency
estimator cannot be applied. Aitchison and Aitken (1976) proposed a nonparametric kernel method for estimating a joint distribution defined over binary data. The main advantage that their method has over the conventional frequency estimator is that it does not divide the sample into cells. A weakness of their method is that in mixed discrete and continuous variable settings, it is known to "fail" when modeling "fat / thin-tailed" continuous data.
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There are several theoretical papers on the properties of cross-validation methods with only continuous variables (e.g., Häardle and Marron [1985] ), or with only discrete variables (e.g., Hall [1981] , Grund [1993] and Grund and Hall [1993] ). Other than papers by Tutz (1991) and Ahmad and Cerrito (1994) , not much attention has been paid to the more general and interesting case of mixed discrete and continuous variables. However, Racine and Li (2004) notes that these papers only demonstrate that their estimators are consistent. They do not establish the asymptotic distributions of their estimators.
In their paper, Racine and Li (2004) have closed this gap by establishing asymptotic distribution of an estimator and consistency. They provide a theoretical foundation for a consistent kernel estimator of a joint PDF defined over mixed continuous and discrete data that employs least-squares cross-validation selection of the smoothing parameters. 9 Their technique is even valid for finite samples. Note that we have very few "wind power generators" observations compared to "fossil fuel-based power generators" observations. Therefore, we employ the Racine and Li (2004) data driven method to estimate Equations 2 and 3 and analyze the differences in wage distributions before and after 2006.
Consider the following empirical model:
where · has an unknown functional form. We use , to denote the joint density function of , where are continuous variables and are discrete variables.
Optimal smoothing parameters for · were chosen using the "leave-one-out cross-validation" method for estimating the fitted values. Bandwidths were chosen using Silverman's rule of thumb and bi-weight kernels. The continuous variables we employ are power producing establishment's average real log of wages, non-farm industries average real log of wages, employment ratio, and, fossil fuel cost index. The dummy variables are the post-2006 period, wind energy production dummy, and quarter dummies. We also use county codes as an unordered discrete variable. In essence we can estimate Equation 2 Next we re-estimate the model using relative wages (Equation 3). In Figure 4 we have drawn the conditional distributions. Qualitative results are in agreement with what we find using the log wage. However, relative wages indicate that wind based energy producers' wages have increased compared to fossil fuel-based energy generators. This result is statistically significant.
Robustness Checks
In order to check for the robustness of our results, we estimate a number of alternative specifications. First, we address the problem of within-group correlation raised by Moulton (1990) . If this is the case, the standard errors in our model may be underestimated. We employed clustered standard errors at the establishment level to overcome this potential problem. Bertrand, Duflo, and Mullainathan (2004) , however, show that clustered standard errors can be biased downward in panel data if serial correlation is present. One approach that they recommend is to collapse the time dimension of the data down to two periods. To do this in our application, we focus only on establishments that were present both before and after 2006. We then aggregate the pre and post-2006 quarterly data by per-establishment and re-estimate equations 1 and 2. When collapsing the data we lose a large number of observations and hence the degrees of freedom. We end up with 274 observations with 192 degrees of freedom. This is a very common problem in DID models. Therefore, when estimating this model we do not include county effects. 10 These results are presented in 
Conclusion
As far as we know, this is the first field study to analyze the indirect impact of the Production Tax Credit on relative wages in the wind industry. Our parametric and nonparametric results, indicate that relative wind industry wages increased across the wage distribution, by establishment, and demonstrated significant improvement in the post-2006 period. These wage effects followed the capacity expansion in wind power that occurred right after the assured, ex ante extension of the Production Tax Credit was legislated in 2006. In short, conditional wind energy wages have reached at least approximate equivalence to thermal generation.
To the extent that the PTC encouraged the expansion of the wind power industry in Texas during this period, the subsidy was at least partially captured by workers in the form of higher 20 compensation. While the PTC is widely regarded as a policy tool to promote sustainable and clean electricity generation by attracting private sector investment, its indirect incidence should be kept in mind. Advocates of balanced regional growth, or rural development, may find additional support for arguments in favor of establishing long-term availability of wind energy subsidies.
This paper also validates the observation made by Pollin et al. (2009) , that investment expenditures in green industry infrastructure creates more jobs at all wage levels with greater upward mobility. Moreover, geographic location plays an important role when comparing wage differences in renewable and non-renewable industries. 
